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Recently, the study and applications of plasmonics has attracted the interest of a 
wide range of researchers in various fields. Low-loss plasmonic waveguides is 
potentially important for realization of high-density integrated photonic circuits. 
However, the large propagation losses of the Surface Plasmon (SP) severely limit the 
availability of plasmonic waveguides for many practical applications. In this 
dissertation, some suggestions on theoretical design of hybrid mode plasmonic 
waveguides are proposed in order to address their propagation losses. Their wave 
guiding characteristics are studied theoretically and their possible applications are 
investigated experimentally. Furthermore, the propagation characteristics of some 
other plasmonic waveguide are studied; their resonance effects in subwavelength 
metallic micro/nano-structures are disclosed, as well as their macroscopic phenomena. 
The proposed hybrid plasmonic waveguide consists of a coated metal cladding 
separated from a high-index-dielectric (HID) core by a low-index-dielectric (LID) 
layer. A detailed analysis is carried out to clarify the wave guiding mechanism and it 
is established that the mode guided by the hybrid plasmonic waveguide results from 
the hybrid coupling of a SP mode and a dielectric waveguide mode. As a result, the 
strongest field in the waveguide locates in the core region instead of the 
metal/dielectric interfaces, which can significantly reduce the propagation loss, and 
meanwhile offer excellent confinement of the plasmonic lightwave. Mode 
characteristics are shown to be highly dependent on structure dimensions and 
polarization states. By controlling the structure dimensions, a compromise between 
propagation loss and field confinement can be made for the waveguide modes. This 
waveguide shows excellent bending, isolation and coupling properties that is suitable 
for high-density integrated photonic circuits. The fabrication of such waveguide is 
compatible with current micro/nano-fabrication technologies. This structure offers the 
possibility of integrating plasmonic devices on a silicon platform. 
Using controlled oxidation and ICP etching processes, a two-dimensional 















photolithography patterning. The as-fabricated waveguide demonstrates a very low 
propagation loss of 1.6dB/mm at 1550nm. The numerical study reveals the hybrid 
characteristics of the mode. It is shown that the optical power of the waveguide mode 
distributes more in the HID Si-core region, and the metal cover further confines the 
light beyond the diffraction limit. The hybrid mode plasmonic waveguide may be 
applied in compact, high-density Si photonic integrated circuits. 
In the end of this dissertation, we have investigated the resonance effects based 
on various plasmonic guiding modes in subwavelength metallic micro/nano-structures. 
These resonance effects can be used to design the spectra shapes and particularly the 
transmission peaks for specific applications. For example, by varying the width of 
micro-cavities embedded in metallic nanoslit arrays(MNSA), the positions of the main 
transmission peak can be monotonously tuned in the array; and by introducing 
in-plane hybrid surface plasmon resonance modes under the bottom of MNSA, 
extremely narrow peaks are designed appearing in the visible to near-infrared range. 
Such wide range modification of the resonance effects of plasmonic guiding modes in 
subwavelength metallic micro/nano-structures can help to design high-performance 
photonic and sensing devices based on them. 
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